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C^ i Abstract. 

In the framework of the spatial coherence wavelets, different features of the 

first-order spatial coherence (Young's interference) are analyzed by calculating the 

corresponding marginal power spectrum, a close related quantity to the classical 

Q ' Wigner Distribution Function (WDF) of the optical field. The consideration of the 

O^' radiant and virtual point sources evidences some effects, conventionally attributed 

to non-classical correlations of light, although such type of the correlations are not 
explicitly included in the model. Specifically, a light state is produced that has similar 
-^ . morphology to the WDF of the well-known quantum Schodinger cat state. 
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1. INTRODUCTION 

The advances on cavity quantum electrodynamics (CQED) and on semi-conductor quan- 
tum electrodynamics (SCQED), reached in the last three decades, allowed developing 
devices that approach the predictions of the quantum theory of the matter-radiation 
interaction to the experimental results, in this context, the manipulation of the quan- 
tum states of light is a subject of growing interest, with topics as the production of 
only-one photon sources [H El E] , the analysis of the quantum interference mechanisms 
like the Schrodinger cat states of light [1] and those derived from the matter-radiation 
interaction [5] for instance. They are promising topics for technological applications in 
quantum computation and information processing [6\, quantum teleportation |7j and 
quantum opto-electronic system [8]-pT|. 

In spite of the accepted quantum nature of topics as the Schrodinger cat states, a 
classical approach to them seems to be possible by adding novel considerations to the 
phase-space representation of the optical wave-field, like the spatial coherence wavelets 
emitted by both radiant and virtual point sources [l2]. It could revaluate the actual 
limits of the classical theories and the real grounds of the physical behavior of light. For 
instance, the analysis presented in this paper suggest that the Schrodinger cat states 
are actually originated by the spatial coherence state of the light. 

The more recent description of the properties and behavior of optical fields in arbitrary 
state of spatial coherence has been proposed in the framework of their phase-space rep- 
resentation [^. In this context, the spatial coherence wavelets and the marginal power 
spectrum [11] have been introduced as field descriptors, in such a way that the prop- 
agation of power and correlation features of the field is depicted in terms of wavelets 
emitted by source pairs gathered in classes determined by the pair separations jl5] . 



This description is compatible to the second order spatial coherence theory of the optical 
field [16] , and provides new insight about the interference and the diffraction phenomena, 
as discussed in the present work. For instance, the marginal power spectrum provides 
a ray- map with two kinds of rays, i.e. the carrier rays along which the radiant energy 
of the field is transported, and the modulating — vr rays which propagate positive and 
negative energies, responsible for the interference phenomenon [17]. Additionally to 
the conventional geometrical definition of the rays [18| , the carrier rays are radiometric 
quantities, whose energy does not depend on the spatial coherence state of the field but 
it is recordable by squared modulus detectors, while the positive and negative energies 
associated to the modulating — vr rays are determined by the spatial coherence state 
of the field but they are not detectable by such type of detectors, i.e. their existence is 
inferred from the redistribution of the power across the interference and the diffraction 
patterns [T7] . 



Carrier and modulating — vr rays are emitted by two sets of point sources of different 
nature[T2], i.e. radiant point sources for the first kind of rays, and virtual point sources 
responsible for the non-recordable modulating — vr rays. These sets of point sources 
are optically disjoint, so that they can be regarded as allocated over two distinct layers 
of the space, which eventually are bringing together onto the same plane in specific ar- 
rangements. In such cases, dual point sources are induced by the coincidence of radiant 
and virtual sources at the same point on the plane. The union of the sets of radiant and 
virtual point sources provides a unified structure of point sources for the field. Conse- 
quently, carrier and modulating — vr rays emitted by the dual sources share the same 
paths in space. 

This model is successfully applied in the description of diffraction of light with arbitrary 
states of spatial coherence and the Young's experiment with diffraction effects [12j . Two 
potential uses make it attractive, i.e. the developing of the robust simulation algorithms 
and of new strategies for optical information processing based on the manipulation of 
the virtual sources of the second layer of the space, instead of the radiant sources of 
the first layer as conventional. Both uses will be explored in next papers. Furthermore, 
this model reveals some unexpected features of the field, morphologically similar to the 
quantum squeezed states and the Schrodinger cat states, without appealing to explicit 
quantum constrains. 

2. THE TWO-LAYER STRUCTURE OF THE SPACE 

Let us suppose a stationary scalar wave field in any state of spatial coherence, on 
propagation between the aperture plane (AP) and the observation plane (OP), at a 
distance z to each other in the Fresnel-Fraunhofer domain. Let us assume that the 
centre and difference coordinates {^Ay^n) ^^^ (rAjfo) univocally specify the positions 
of any pair of points at the AP and the OP respectively, i.e. (^^±^£,)/2 and (^^ ± ^£))/2 
[H]. The phase space representation of this field is provided by the spatial coherence 
wavelets HI], denoted as 



W(rA + rD/2, VA - rD/2; |^) = S(|^, r^)exp ('^-^a -^d], (1) 

where k = 2vr/A, with A the wavelength of the field, and 

S(Ia, ta) = ^^ Wi^A + Id/2, Ia - ^D/2)exp (i^^A ■ ^d) exp (-^^d " ^a) d^o (2) 

is a Wigner distribution function with energy units, called the marginal power spectrum 
with 



MIa + ^d/2, ^a - ^d/2) = /i(lA + ^d/2, ^ A-W2)v/g( lA + W2) (3) 

X t(^^ + $DmVS{^A-U^r{^A - ^d/2) 



the cross-spectral density [16j of the field at the AP, /i(^^ + ^d/2, ^^ — ^^5/2) = 
|/i(CA + Id/2, Ia - lD/2)|exp [ia(^^ + |^/2, ^^ - 1^/2)] the complex degree of spa- 
tial coherence [16], 5'(^^ ± |£)/2) the power distribution of the field at the AP and 
t{^A ± Id/2) = |t(|^ ± ^D/2)|exp [i0(^^ ± ^£,/2)] the complex transmission of this 
plane. The marginal power spectrum provides the phase-space diagram or ray-map of 
the scalar wave field in any state of spatial coherence 



The superposition of the spatial coherence wavelets yields the cross-spectral density of 
the field at the OP IH, i.e. 



W{rA + rD/2,rA-rD/2)= l — j expli-VA-rDJ (4) 

X / W(rA + rz5/2, r^ - rz5/2; CJc^'^A 
Jap 



whose evaluation for r/) = is the power spectrum recorded at this plane, i.e. 
S{rA)=W{rA,rA)=(-^) J^^\N{rA,rA;Ud'U = (jA J^^S{UrA)d'U 



(5) 



Because of the definition of the marginal power spectrum in equation ([2]), the 
superposition of spatial coherence wavelets in equation (j4]) can explain the interference 
and diffraction phenomena of light, which are close related to the lowest order of spatial 
coherence and are observed as modulations on the power spectrum in equation ([5]) 
recorded at the OP [17j. However, it is not enough to predict phenomena due to spatial 
coherence properties of higher order. 

2.0.1. Radiant and virtual point sources. It is useful to introduce the 
dimensionless function 1 = C5{$,j^) + [1 — C5{$,j^)] [14J with 5{$,j^) the Dirac's delta 
and C a constant that assures the dimensionless character of the function and the 
accomplishment of the conservation law of the total energy, into the integral in equation 
([2]) in order to express the marginal power spectrum as S(^^,rA) = Sind{,$,Ai^A) + 

^pairsi^A^^A), with 

S.„,(|^,r^) = C^(|J|t(^JP>0 (6) 



and 

Spa^rs{^A,^A) =2 j |/x(^A + ^Z)/2, ^A ' ^d/^) I VS{^A + ^d/^) (7) 

X mA + ^nmwsi^A - umi^A - W2)\ 

k k 

X cos{-^D ■ rA - -^A ■ ^D - a(^A + ^d, ^a - ^d/2) - A0)t/2^B 

where equation Q was taken into account with W{$,j^,^j^) = 5'(^^)|t(^^)p the power 
distribution that emerges from the AP, fi{$,ji, ^^) = 1 and Acj) = 0(^^ + ^dI'^) ~ 'Pi.^A ~ 
^^/2). The cosine function in equation ([7]) results from considering the two degrees of 
freedom in direction of each separation vector ^^. Accordingly, S(^^, ya) determine the 
flux of radiant energy provided by each individual centre of secondary disturbance at 
the AP onto any point at the OP, while Spairs{$,Ai ^a) determines positive and negative 
energies due to the correlation between the pairs of centres of secondary disturbance, 
placed within the spatial coherence support centred at ^^ on the AP, onto any point at 
the OP. The term structured spatial coherence support denotes the region around any 
point on the AP determined by the spatial coherence state of the wave, where pairs of 
emitters are included depending on specific correlation properties established in detail 
in [12]. The positive and negative energies of SpaJrs(^A5 '^a) cannot be interpreted as a 
radiant flux |T7]. Nevertheless, they play a crucial role in describing interference and 
diffraction from the point of view of the energy transport between the AP and the OP 
[17]. Indeed, equations ([5]),(|6]) and ([7]) yield the power spectrum at any point on the 
OP, i.e. 



'S'(r^) = SindiT^A) + SpairsiT^A) 

T-) / [^ind{$,A^rA) + Spairs{iA,rA)\d^U (8) 

^ZJ JAP 

with SindijA) > the radiant power provided by the individual centres of secondary 
disturbance, and Spairs{^A) the modulating power, which can take on positive and 
negative values, and therefore has a different physical meaning as the radiant power. The 
condition S{rA) > imposes Sind{rA) > \Spairs{rA)\, and therefore S^ta) < 2Sind{rA) 
stands, i.e. Spairsi^A) modulates Smdi'^A) determining the power spectrum at any point 
of the OP, a behavior presented in interference and diffraction light. Furthermore, the 
conservation law of the total energy of the field can be expressed of as [Hj 



/ S{vA)dhA= I S{^^)\t{i^)\^d^U={^) I I Si^^,rA)d'Ud'rA, (9) 

Jop Jap \^^/ JopJAP 



where 



/ S{rA)d'^rA= / [Sind{rA) + Spairs{rA)]d^rA 
Jop Jop 

— J / / [Sind{^A^rA) + Spairsi^A,T^A)]d'^CAd'^rA, (10) 

^■^^ / Jop Jap 



with 



0-] I I S,UiA.^A)d\Ad^rA= I SU^A)d'rA= I SiUHUl'd^Uill) 



\^^ y JOP JAP Jop jap 

and 



''pairs 



(l-) / Spairsi^A,T^A)d'^^Ad'^rA= / 5"^ 

V^^/ Jop Jap Jop 

Equations (TTTj) and (TT2|) imply that C = {XzY/ f^pd'^VA and 

/ cos (-^j, ■ VA - -iA ■ i-D - «(^A + Id/2, Ia - Id/2) - A0 ) rfV^ = 0. 
Jop \z z J 



VA)dhA = (12) 



(13) 



Accordingly, the modulating power Spairsij^A) is not recordable by squared modulus de- 
tectors placed at the OP, but its modulation effects are revealed as a redistribution of 
the radiant power emitted at the AP onto the OP. This is the meaning of interference 
and diffraction from the point of view of the energy transport between the AP and the 

OP dz]. 

The results above suggest that an optical field in any state of spatial coherence can be 
thought as emitted by the following types of point sources, placed at positions $,a o^ 
two distinct layers of the ordinary space, as conceptually depicted in Fig. [TJ 

• Radiant emitters gathered on the first layer, which are responsible for the emission 
of the radiant energy of the field, i.e. the energy which is recorded by detectors at 
the OP. They are pure individual sources in the sense that their emissions, described 
by equation ([6]) , do not depend from correlations with neighbour emitters. 

• Virtual emitters gathered on the second layer, they emit the positive and negative 
modulating energies. They are virtual in the sense that their contributions are not 
directly recordable by square modulus detectors but through the redistribution of 
the power spectrum at the OP that they produce. For such detectors, the second 




First layer: 

Individual radiant 

energy emitters 



Unified structure of 
radiant, dual and 
virtual emitters 



Figure 1. Conceptual representation of radiant, virtual and dual point emitters (the 
dots at each layer). The extended circles at the second layer represent the spatial 
coherence support related to each virtual emitter, and the dots with thick line represent 
the dual emitters. 



layer is actually vacuumed. The emission of the point virtual emitters is described 
by equation ([7]) and depends on the correlation between all the pairs of centres of 
secondary disturbance placed within the spatial coherence support centred at the 
position of the corresponding point virtual emitter. 

In this two-layer structure of the ordinary space, two correlated radiant emitters of the 
first layer turn on a virtual emitter in the second layer, located in the middle point of 
the distance between them. A consequence: 

• The distribution of radiant emitters on the first layer must be discrete, even 
regarding the set of maximal density of such emitters, because there should be 
place between consecutive correlated radiant emitters for allocating the turned-on 
virtual ones. 

• In contrast, the set of maximal density of virtual emitters of a scalar wave field 
approaches to continuum by the lowest-order of spatial coherence. 

• Only radiant emitters will be placed just at the edge of apertures at the AP. 

• Radiant and virtual emitters can be placed at the same positions ^^ of the ordinary 
space (although in separate layers) if the correlation extends beyond the consecutive 
pairs. 

• The strengths provided by all the radiant sources are identical, except if the 
diffracted wavefront is no uniform at the AP; while those provided by the virtual 
sources depend of the size of the corresponding supports (Fig. [2]), because each 
virtual source emits the addition of the contributions due to all the pairs of 
secondary disturbance within its support. So, only the virtual sources associated 
to supports of the same shape and size emit the same strength. 
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Thus, the complete distribution of radiant and virtual point sources of the scalar wave 
field will be obtained when projecting the two layers of the space onto the same plane, 
as depicted inUl Such distribution will contain a further type of point sources, i.e. dual 
emitters conformed by radiant and virtual point sources placed at the same position. 



R=0.2u 



- convpletely coherent 




spatially partially 
coherent 



completeiy ini;aherent 



0.0 0.1a 0.2o 0.3a 0.417 

position 01 the support centre within the aperture of width a 



Figure 2. Growth in the number of pairs within the structured support of spatial 
coherence, as a function of the correlated pairs and the position of the support centre 
at the AP. Each horizontal line indicates the region of the AP in which all the supports 
have the same number of pairs. The oblique profile indicates the region near the 
aperture edge (at ^a = 10 in arbitrary units) in which the number of pairs within 
any support diminish and the diminishing rate. There are no pairs within the support 
centred at the surrounding of the aperture edge no matter the spatial coherence state 
of the field. 

From this point of view, fully spatially incoherent scalar wave fields propagate only 
through the first layer of the ordinary space and are emitted only by radiant point 
sources (i.e. such field are unable to turn on virtual sources, and therefore they neither 
contain dual sources). Partially (or completely) spatial coherent fields use the both 
layers of the ordinary space in their propagation, because they are emitted by both the 
radiant and the virtual point sources (and then, by virtual emitters). 



Such structure of radiant and virtual point sources for the optical field, distributed 
onto two different layers of the ordinary space constitutes a novel description of the 
spatial coherence properties of the lowest-order of the field. It allows understanding 
the diffraction and interference of scalar optical fields in any state of spatial coherence 
not as a result of geometrical features (i.e. the effect of the aperture edges at the AP 
and the phase difference between superimposed wavefronts at the OP respectively) but 
as a result of the same radiative feature, i.e. the emission of positive and negative 
modulating energies by virtual point emitters distributed within the whole aperture at 
the AP. 



3. YOUNG'S EXPERIMENT 

It is one-dimensionally performed by arranging a double slit mask at the AP, whose 
parameters are depicted in Fig. [31 For mathematical simplicity and without lack of 
generality, let us assume diffraction of an uniform scalar wave field in Fraunhofer domain 
by each slit, i.e. negligible phase term |^a^d and constant power Sq over the slits. The 
ray-map for this experiment can be expressed as S(^^, xa) = Sdif{(,A — {b + a)/2, xa) + 
Sdifi^A + {b + a)/2, Xa) + Si„t(^A, xa), with 



SdifiUxA) =[CSo + 2So / \fi{U + ^D/2,U-^D/2)\ 

X COS ( -ioXA - a{U + ^d/2, U + ^d/2) ) d?^D\rect{Ulci) 



(14) 



where rect{^A/o) = 1 for \^a\ < a/2 and equal to null otherwise, describing the 
diffraction of the scalar wave field through any of the slits; and 



l'2a+b-2\(A\ 

Sint{UxA) = 2Sorect{i/a) |^(^^ + ^^/2,^^ - ^^/2)| (15) 

Jb+2\U\ 

X COS ( -ioXA - a(^A + ^d/2, ^a - Cd/2) ) d^o 



describing the interference between the contributions provided by the both slits. 



?D 



^D 



X 



?A O ?A 




Figure 3. One-dimensional double slit mask for Young's experiment with diffraction 
effects. Spatial coherence supports for a) the diffraction of light through the slits and 
b) for the interference between the contributions of the slits. 



It is worth noting that there are both radiant and virtual emitters associated to 
^dif{^A,XA) while there are only virtual emitters associated to Sint{^A,XA) for 6 > 0. 
Indeed, 
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SMUxa) = S'^;;\u) + S'^P\Uxa) holds, with S'^:;\U) = CSorect{U/a) 

and S^J-p\iA,XA) = Sdif{U,XA) - CSorect{^A/a). 

Sinti^A,XA) = Silt{^A,XA) because b + 2\^a\ > holds for 6 > 



From equation ([5]) follows S{xa) = Sradi^A) + Syirt{xA) = S^f\xA) + S^^'P\xa) + 
Sm^\xa), where 

SradixA) = S^f = (-^^ 2aCSo > (16) 

is the uniform contribution of the radiant emitters within both diffracting slits onto the 
power spectrum at any point xa on the OP, and SmrtixA) = S^^J (xa) + S^{ {xa) the 
contribution of the virtual emitters related to both the diffraction of the field through 
any slit and the interference between the contributions of both slits, onto the power 
spectrum at any point xa on the OP, i.e. 

S^P\xa)=[^] / S^:p\u + {h + a)/2,XA)dU (17) 

/ 1 \ 2 pa+b/2 



and 



xz) A/2 ^''^ 



s\:r\xA) = [y^^ f''^^^t'\^A,XA)du 



More insight about the diffraction and interference involved in the Young's experiment 
with scalar wave fields in any state of spatial coherence is reached by considering sep- 
arately the terms (ITB]1 to (IT5|) of the power spectrum at the OP. Indeed, according to 
equation ([9]), the total radiant energy is only determined by equation flT6l) independently 
of the spatial coherence state of the wave field, i.c/^p S{xA)dxA = Jop Srad{xA)dxA = 
^dif lop'^^^ ~ 2aSo. Furthermore, the terms (ITTj) and flT8|) can take on positive and 
negative values, depending on the spatial coherence state of the field. The positive 
values of 5*^^^ (xa) determines the main maximum of the diffraction envelope of the 
power spectrum at the OP, while the negative values extend over the region outside of 
the main maximum, determining the points of null power of the diffraction envelope, its 
side lobes and its convergence to null in that region. In contrast, positive and negative 
values of S'j^J'^ (xa) strongly oscillates within the diffraction envelope, without exceed- 
ing in magnitude the value of the diffraction envelope. 
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Table 1 illustrates the ideas above. Figures in the first column on the left are the ray 
maps (marginal power spectra) produced by double slit masks, whose transmission func- 
tion t(^) is depicted on the top of each figure (i.e. sht width a and distance b between 
the consecutive slit edges). Diffraction and interference contributions, Sdif{^A,XA) and 
Sint{^A,XA) respectively, are delimited by white bars in each ray map. The coordinate 
origin for both C,a and xa is at the middle point of each map. The profiles of the 
power spectra that emerge just from the masks at the AP and that arrive onto the 
OP are shown in the second column from the left and in the last column on the right 
respectively. Their energies are recordable by square modulus detectors placed at the 
corresponding planes. The profiles of the diffraction and interference contributions to 
the power spectra at the OP are also sketched in the third and fourth columns from the 
left respectively, and the diffraction contribution includes the energies provided by both 
the radiant and the virtual emitters placed within the slits. 



Rows 1 to 5 show the changes due to the increasing of the slit width a by maintaining 
the distance between the slit centres unchanged, in the diffraction of a completely 
spatially coherent wave field (i.e. |/i(^A + ^a/2, ^a — ^d/2)| = 1; it is also assumed that 
(y{^A + ^_d/2,^a — io/'^) = for simplicity and without lack of generality). According 
to equations ^\M and (TT5|) . the diffraction contribution of each slit to the ray map takes 
the form 



Sdi/(U,a;A) = >Soa -^^ rect{U/a) 



Xa 



(19) 



while the interference contribution due to both slits will be given by 



Si„t{^A,XA) = 2Sorect{^A/a) 



■sm[f (2a + b - 2\U\)xa] stn[^^{b + 2\U\)xa] 



l^A 



\XA 



(20) 



The integration of equations flT^ and fl2Ul) following equations fITB]) to fITS]) gives the 
power spectrum produced by the Young's experiment at the OP. 

Row 1 is corresponding to the mask with the narrowest slits that enclose few 
radiant and virtual emitters. Taking into account that \^a\ ^ ct/2 and a is 
very small and equations ( IT9l) and ( l20l) . the following approaches are applicable: 

rect{iAlo) ^ (5(^a), S^ifiiA^xj^ ^ 5*00 [l - |(^)2x^] (5(^a) and Si„t(^A,x^) ^ 
405*0 [l ~ \^Yx^a\ '^osi^x A)^{iA) 1 with ^{^a) a Dirac's delta. Thus, the ray map on 
row 1 is described by 



S(eA, xa) ^aS^{b[U- A^ + <^ (^A + ^^ j + 4cos i—XA ) KU> 



(21) 
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a / ka 
6 \~ 



sqxa mu- 



b + a 



Hi 



f kh 
IQcos ( —xa ] 5{iA) 



The term on the first hne of this expression is corresponding to the ray map for a Young 
experiment with delta-hke shts, which enclose only radiant emitters, and then turn on 
only virtual emitters only for interference. The term on the second line describes the 
change of the ray map due to a small growth in slit width, which increases the number of 
enclosed radiant emitters that turn on some virtual emitters for diffraction. It introduces 
a parabolic disturbance on the term on the first line, along the oj^-axis of the OP. The 
virtual emitters within the slits increase Sdif{xA) in the middle region at the AP and 
decrease it at the pattern edges by relative small values. The correlations between the 
radiant emitters in both slits turn on the virtual emitters of Sint{xA)-, whose positive and 
negative modulating energies are cosine-like distributed on the OP, but with parabolic 
increments at the middle region and decrements at the pattern edges. Therefore, S{xa) 
will be a high contrasted cosine-like pattern of fringes with a parabolic disturbance, 
which can be minimized if the observation region on the OP is small enough, i.e. 



S{xa) ^ 2aSo 



fkh 
1 + 2cos — Xa 



2 fkh 



2aSoCos — Xa 
\2z 



aS() f ka\ 2 






3 \z J 
aSo f ka\ 



X, 



X, 



Z J 



(kh 
1 + 8cos — Xa 
\^ 

, kh 
1 + 8cos I — Xa 

z 



(22) 



As the slit width increases, more radiant emitters are included within, so that more 
virtual sources are turned on for both Sdif{xA) and Sint{xA)- Accordingly, 1) the wave 
field that emerges just from the slits will exhibit oscillations, 2) both the increments and 
decrements of Sdif{xA) becomes more significant, in such a way that Sdif{xA) acquires a 
main maximum in a delimited region around the middle point of the OP and decreasing 
side lobes. The bigger the slits the narrower the main maximum. It is worth noting 
that Sdif{xA) > and that Sdif{xA) = S{xa) for completely spatially incoherent wave 
fields. 3) In addition, the magnitudes of the positive and negative modulating ener- 
gies of Sint{xA) significantly grow within the region of the main maximum of Sdif{xA) 
and appreciable diminish outside this region, in such a way that S{xa) will be a high 
contrasted cosine-like pattern of fringes modulated by the profile of Sdij^XA)- These 
features can be appreciated in rows 2 to 5. 



It is worth noting that: 

• The distribution of the positive and negative modulating energies of Sint{xA) 
resembles the Schrodinger cat state between mixed states of a quantum system, 
i.e. because of its spatial coherence state, the scalar wave field at both slits of 
the Young's mask mixes through its propagation to the OP in a similar way as 
the quantum cat state. This mixture is realized in the following terms: pairs of 
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radiant emitters placed within different apertures of the mask are able to turn 
on a virtual point source in between, depending on the correlation between their 
emissions. Instead of radiant energy, the virtual point source emit positive and 
negative modulating energies, whose distribution in space must fulfill condition 
(fT3l) . i.e. the strengths of such energies must be equal and, if a certain amount of 
modulating positive energy is emitted along a given path, then the same amount 
of modulating negative energy must be emitted along other path. Furthermore, 
phase of the complex degree of spatial coherence a{^A + C,d/'^,C,a — ^d/2) and/or 
the transmission phase difference at pairs of points on the different apertures of 
the mask A0 in the cosine function of equation ( iT3l) can be used in order to shift 
the distribution of the modulating energies. For instance, a shift by tt means that 
positive energies are turned in negative ones and vice versa. This behavior is 
compatible with the description of the mentioned Schrodinger cat state, although 
it was obtained without appealing to quantum premises, but only by describing the 
spacial coherence state of the wave-field in terms of the structured spatial coherence 
supports, a classical concept to which the layer of virtual point sources is associated. 
These novel concepts seem to reveal that the Schrodinger cat state actually results 
from the spatial coherence state of the wave-field, even in the classical context as in 
the Young's experiment for instance. This state is formalized by equation ( TT5|) in 
this case, that clearly shows the dependence of the state strength and distribution 
on the magnitude and on the phase of the complex degree of spatial coherence of 
the wave- field respectively. 

• The region of the main maximum of Sdif{xA) is corresponding to the region enclosed 
by the dotted rectangle in the ray map (the whole ray map in row 1 is enclosed by 
the rectangle); it also concentrates the significant positive and negative modulating 
energies of Sint{xA)- Therefore, the bigger the slits the narrower such region of the 
ray map. This feature resembles the quantum squeezing as discussed below. 

Profiles in columns 3 to 5 from the left of Table 1 point out that the region that 
concentrates the significant values of both the radiant and the modulating energies 
of the power spectrum at the OP is corresponding to the support of the main maxi- 
mum of the diffraction pattern. It is delimited by the first zeroes of equation ( 1T9l) . i.e. 



^A (^a) = ±0.5 ^_^^g | , so that AxAi^A) = a-2\f (Fig- ^^ whose minimum value is 
Axjf "^ = Axa(O) = ^, i.e. AxAiU) > ^- Thus, the smaller the slit width the bigger 
the support of the main maximum of diffraction; in addition, the smaller the slit width 
the faster the growth of the support size in the surrounding of ^^ = 0. 

Now, let us consider the ray-tracing from the AP to the OP as resulting from an en- 
semble of statistical realizations, each one consisting in tracing all the rays (both carrier 
and modulating) that travel for the AP to the OP at a given instant. The addition of 
the energies of all the rays arriving to the same point xa on the OP gives the power 
spectrum at that point. Two radiant sources emitting at the same time, can turn on 
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Figure 4. Support of the main maximum of tlic diffraction pattern by a slit as function 
of the sht width and its growth with the coordinate ^a ■ 



a virtual source at this time depending on the correlation between their emissions. So, 
the probability of such activation will be close to one for fully spatially coherent wave 
fields and close to zero for fully spatially incoherent fields. Therefore, the ray emissions 
can randomly fluctuate from a realization to the next. 



In this sense, diffraction virtual sources cannot be turned on within ideal delta-like slits, 
but interference virtual sources do, at the middle point between the slits, for instance. 
Accordingly: 

• There are up to three well defined starting points at the AP for all rays of any 
realization produced by a mask with ideal delta-like slits, i.e. one at each slit for 
the unique radiant point source, and one in the middle point between the slits for 
the unique virtual point source. The radiant sources at the slits emit only carrier 
rays belonging to Sdif{^A,XA), and the virtual source emits only — n modulating 
rays belonging to Sinti^A, xa)- 

• The power spectrum at the OP will be an interference pattern of cosine-like fringes 
without diffraction modulation, which extends over a broad region on the OP. 

As the slit width increases, more radiant sources are included within the slits, and 
therefore: 

• More starting points are enclosed in each slit, corresponding to the positions of 
both the radiant and the active virtual sources, associated to the diffraction. The 
same average number of carrier and — n modulating rays are emitted from the 
corresponding starting point within the slits if the wave field on the mask is uniform 
and its spatial coherence state over each slit is the same. 
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• Because of the emission of diffraction — it modulating rays, each sht provides 
a diffraction modulation on the power spectrum at the OP in each realization. 
Such modulations will be statistically identical if the slits have the same geometry. 
The modulation is smooth if few point sources are enclosed within the slits, i.e. if 
the slits are very narrow (figures on the rows 1 and 2 of the Table 1), and becomes 
stronger as the slit width increases, concentrating the energy of the power spectrum 
in the main maximum of the diffraction pattern. 

• By illuminating great enough slits by high spatially coherent scalar wave fields, 
a significant amount of virtual sources will be turned on within the slits in each 
realization, whose modulating — tt rays will produce a regular sequence of points 
of zero energy in the power spectrum, that delimits the diffraction maximum 
and determine the decreasing side lobes of the same size. The positions of the 
energy zeroes depend on the slit width (i.e. the distance between them is inversely 
proportional to the slit width, as shown by figures in rows 3 to 5). 

• Scalar wave fields of low spatial coherence are able to turn on only few virtual 
sources within the slits in each realization, so that the energy of the power spectrum 
is also concentrated in the main maximum of the diffraction pattern, but they 
cannot completely annihilate the energy at any point of the OP, as depicted in 
figures H to IH 

• The additional radiant emitters enclosed by the slits can turn on interference virtual 
emitters at new positions between the slits in each realization. So, starting points 
for interference — n rays should be regarded within a region of the same size as 
the slits, centred at the middle point between the slits. 

• By high spatially coherent scalar wave fields, the strength of the positive and 
negative modulating energies emitted by the virtual emitters in the region centre 
is greater than that emitted by the virtual emitters at the region edge. The same 
feature occurs with the diffraction virtual emitters within the slits. Consequently, 
the interference modulating energies are modulated in a similar fashion as the 
radiant energy does by the diffraction modulating energies, which produces 
interference patterns of diffraction modulated cosine fringes, as depicted in figures 
on the rows 3 to 5 of Table 1. 

According to the reasoning above, the expression a A 0:^(0) = Xz, obtained for high 
spatially coherent wave fields, points out that the area a A 3:^(0) of the rectangles 
centred on the ^^-axis in both the diffraction and the interference regions of the ray 
map remains unchanged no matter the slit size. Thus, the greater the slit width the 
stronger the diffraction modulation and therefore the narrower the main diffraction 
maximum, where the radiant energy concentrates and the modulating energies have the 
higher strengths. This behavior resembles the squeezing effect in parameters of quantum 
systems involved in uncertainty principles (as position and momentum, for instance), in 
which the broadening of the uncertainty of any of the parameters causes the squeezing 
on the uncertainty of the other one. 
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4. CONCLUSIONS 

Interference results are both qualitatively and quantitatively reproduced in the 
framework of the spatial coherence wavelets. The marginal power spectrum of the 
field, a close related quantity to its classical WDF, produces similar features to the 
WDF of a cat state of light with "quantum interference' that are not explicitly included 
in the model. In other words, it is remarkable that from only classical premises this 
model is able to predict quantum-like behaviors of light. In order to perform it, is 
necessary to adopt the hypothesis of the existence of virtual point sources associated 
to the (classical) correlation properties of the field. Such unexpected result suggests 
that this "non-classical' behavior is actually related to the spatial coherence state of the 
light, even in the classical context. 
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